Introduction
About 16 million girls aged 15-19 years, and about 1 million ,15 years, give birth every year, mostly in low-and middle-income countries. 1 The definition of teenage pregnancy by the World Health Organization is a pregnant woman aged between 15 and 19 years. 2 In Thailand, the data show a high rate of teenage pregnancy, and the birth rate among teenage girls was 42.2% in 1990 and 53.8% in 2012. The fertility proportion in teenage pregnant women aged between 10 and 14 years was 0.2 in 1990 and 0.5 in 2012. 3 The data show a tendency toward decreasing age in teenage pregnant women. Complications during pregnancy and childbirth are the second cause of death for 15-19-year-old girls globally. Every year, some 3 million girls aged 15-19 years undergo unsafe abortions. Babies born from adolescent mothers face a substantially higher risk of mortality than those born to women aged 20-24 years. Compared with pregnant adults, teenage pregnancy increases complications in pregnancy, such as preeclampsia, preterm labor, and fetal complications such as low birth weight. [4] [5] [6] Data from the ministry of Public Health of Thailand in 2006 found that the rate of neonatal low birth weight in teenage pregnancy was 13.4%, compared with 8.3% in pregnant
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Vivatkusol et al adults. 7 Teenage pregnancies experienced more complications than adult pregnancies from incomplete development of pelvic organs and preterm birth, 8 as well as respiratory complications, such as fetal respiratory distress syndrome. 9 Most teenage pregnancies are unplanned, and suffer more prepregnancy health problems because of poor education. As a result, this can lead to inappropriate weight gain and affect the fetus. Some data show that maternal weight gain affects fetal birth weight. Underweight pregnant women, or those with poor weight gain, had an increased risk of preterm birth, and low-birth weight infants. 10 On the other hand, overweight pregnant women, and those with excessive weight gain, were at increased risk of pregnancy-induced hypertension (PIH), gestational diabetes mellitus, macrosomia, birthcanal tear from difficult labor, and an increased rate of cesarean section. 10, 11 The promotion of appropriate weight gain in teenage pregnancy between antenatal care (ANC), following Institute of Medicine (IOM) guidelines, may decrease these complications. 12 Thai women are different from other ethnicities. There is no previous data about body mass index (BMI) and weight gain in pregnant Thai teenagers. The prevalence of pregnancy, BMI, weight gain, and pregnancy outcomes should be explored in pregnant Thai teenagers. The aim of this study was to determine the prevalence of appropriate and inappropriate weight gain in four categories. A further aim was to evaluate outcomes of appropriate and inappropriate weight gain.
Materials and methods
This descriptive study was conducted by reviewing medical records of pregnant women who presented for ANC and delivered in our institute between January 2007 and August 2015. Eligibility criteria were pregnant teenage women, with singleton pregnancy who had attended at least four ANC sessions. These women had to have a certain gestational age (GA) by their last menstrual period, or by early ultrasound at an initial visit. Exclusion criteria were women who had medical disorders or any condition that may affect pregnancy outcomes (eg, preexisting diabetes, chronic hypertension, autoimmune disease, renal disease, and so on), severe congenital and/or chromosomal abnormality, incomplete data record, and non-Thai ethnicity. The study was approved by the Vajira Institutional Review Board (Registered Number 036/58). The Vajira Institutional Review Board did not require patient consent because patients' names were not included when data were collected.
We divided the study population into four categories according to IOM guidelines. The underweight group was pregnant women whose prepregnancy BMI was ,18.5 kg/m 2 . The normal weight group was pregnant women whose prepregnancy BMI was between 18.5 and 24.9 kg/m 2 . The overweight group was pregnant women whose prepregnancy BMI was between 25 and 29.9 kg/m 2 . The obesity group was pregnant women whose prepregnancy BMI was over 30 kg/m 2 . We then categorized the appropriate and inappropriate weight gain according to IOM guidelines. Appropriate weight gains in the underweight group, normal weight group, overweight group, and obese group were 13-18, 11-16, 7-11, and 5-9 kg, respectively. 11 Inappropriate underweight gains were ,13, ,11, ,7, and ,5 kg, respectively. 11 Inappropriate overweight gains were .18, .16, .11, and .9 kg, respectively.
11
Sample size was calculated based on our pilot study, which found that the prevalence of inadequate or inappropriate weight gain in underweight, normal weight, overweight, and obese women was 24.3%, 28.2%, 3.9%, and 2.9%, respectively. Using this information along with a 5% chance of making a type I error with a maximum allowable error of 5%, the total number of women needed was at least 1,880.
Data collection included maternal demographic and antenatal characteristics, delivery information, and adverse pregnancy outcomes. BMI was calculated from self-reported prepregnancy weight (kg) divided by height squared (m 2 ). Gestational weight gain during pregnancy was defined as the weight measured on the date of admission to the delivery ward minus prepregnancy weight. Weight measurements of all women were performed using the same weighing scales at the antenatal clinic and delivery room.
Adverse pregnancy outcomes were divided into maternal and fetal outcomes. Adverse maternal outcomes were PIH, gestational diabetes mellitus, cesarean section due to cephalopelvic disproportion, and operative vaginal delivery. PIH was defined as systolic blood pressure exceeding 140 mmHg or diastolic blood pressure exceeding 90 mmHg beyond 20 weeks GA. Gestational diabetes mellitus was defined as glucose intolerance of variable degree with onset or first recognition during pregnancy. Adverse fetal outcomes included low birth weight, birth asphyxia, and neonatal intensive care unit (NICU) admission. Low birth weight referred to neonatal birth weight ,2,500 g. Birth asphyxia was defined as 5 minute Apgar score below 7. The criteria for NICU admission in our institution were respiratory or circulatory instability, suspected sepsis, and the need for close observation as assessed by the attending neonatologist.
The data were analyzed by SPSS version 22 (IBM). Chisquare test and Fisher's exact test were used for categorical data, and Student's t-test was used for continuous data. 
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The possible factors identified with multivariate analysis were further entered into the logistic regression analysis to determine independent patient predictors and presented as odds ratio (adjusted odds ratio) and 95% confidence interval. P-value of ,0.05 was considered statistically significant.
Results
The mean maternal age was 17.4±1.4 years and the average number of ANC visits was 8.4±2.7 times. Most maternal education was secondary. Most mothers were nulliparous (86.8%). Weight gain in the four categories of teenage pregnancy was mostly inappropriate (61.7%). The most common route of delivery was normal delivery. Percentage of cesarean section was increased in the overweight and obese subgroups; in contrast, the rate of preterm births showed an increase in underweight subgroup.
A total of 2,165 teenage pregnant women were included in this study. Of these, 222 were excluded due to incomplete data. A total of 1,943 teenage pregnant women were enrolled whose data we were able to analyze. Demographic and antenatal characteristics of pregnant women in the study are presented in Table 1 .
The prevalence of BMI that showed either underweight, normal weight, overweight, or obesity prepregnancy was 723 of 1,943 (37.2%), 1,047 of 1,943 (53.9%), 120 of 1,943 (6.2%), and 53 of 1,943 (2.7%), respectively.
The prevalence of weight gain in four IOM categories is shown in Table 2 .
The studied women were divided into three subgroups based on their weight gains: appropriate weight gain, inappropriate underweight gain, and inappropriate overweight gain groups. Their demographic data are summarized in Table 3 .
In the underweight gain subgroup, anemia was significant on initial laboratory tests, and in the third trimester (P,0.001). Preterm birth was significant in the underweight gain subgroup (P,0.001). Gestational diabetes mellitus occurred in the underweight gain subgroup than in other groups with no significance (P=0.119). PIH was significant in overweight gain subgroup (P,0.001). Cephalopelvic disproportion was significant in the overweight gain subgroup (P,0.001). Fetal birth asphyxia was significant in the underweight gain subgroup (P=0.016). Most birth asphyxia were due to preterm birth (P=0.016). Fetal low birth weight was significant in underweight gain subgroup (P,0.001; Table 4 ).
Discussion
Previous data showed that a high proportion of pregnant teenagers had an underweight BMI because of several factors, such as unplanned pregnancy, kept secret from parents, a tendency to being skinny, and malnutrition. For those reasons, this specific group of women required adequate nutrition. Previous data showed that they should focus on food, rather than specific nutrients, because they tended to think concretely. 13 But the present study showed that the prevalence of teenage pregnancy, according to prepregnancy 
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Vivatkusol et al BMI categories, was 53.9%, 37.2%, 6.2%, and 2.7% for normal weight, underweight, overweight, and obesity, respectively. Our findings differed from the results of a previous study conducted in the USA, which showed a higher prevalence of obesity but a lower prevalence of underweight (ie, 58.6%, 3.17%, 16.9%, and 21.3% for normal weight, underweight, overweight, and obesity, respectively). 14 This might be because our teenage population had lesser-quality ANC resulting in poorer self-care. Another previous study showed that most teenage pregnancies were underweight gain because of poor nutrition and concern for their shape before and during the course of pregnancy so they needed more nutrition. 13 Similar to our findings, a previous study in the USA showed that the most common prepregnancy BMI was normal weight. The second most common prepregnancy BMI in such a study was obesity, which contrasted with our finding of underweight.
Concerning weight gain, our study and a previous study from the USA and Canada, 14, 15 found that a majority of teenage mothers had inappropriate weight gain, especially overweight gain, which was commonly observed in western countries. 16, 17 In contrast, the underweight and normal weight groups showed below-average weight gain, but the overweight and obesity groups showed above-average weight gain. The likely explanation for these discrepancies might be due to differences in nutritional behavior, lifestyle, and social and cultural aspects.
Our study showed that the overall rate of overweight gain in teenage pregnancy was 28.8% (559/1,943). When we explored each prepregnancy BMI category, we found that rates of overweight gain were markedly higher in overweight and obesity prepregnancy BMI categories: 66.7% and 77.4%, respectively. These data showed that obese women had a tendency to have excessive weight gain. On the other hand, we found that most of the women in the underweight prepregnancy BMI category had poor weight gain (41.8%). This trend may occur due to nutritional status and education of pregnant women as underweight women had inadequate nutrition, whereas obese women had excessive intake.
With respect to pregnancy outcomes, our results showed that the rate of preterm births increased from 7.7% in the appropriate weight gain subgroup to 11.9% in the underweight gain subgroup. This might be explained by maternal nutritional status as evidence suggests that dietary patterns have an impact on gestational length. 18 Similarly, we observed higher rates of anemia in the underweight gain subgroup. Nevertheless, this might be overestimated because we included women with thalassemia trait. In contrast, our observed prevalence 
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Inappropriate gestational weight gain among teenage pregnancies of anemia at the third trimester might be underestimated when compared to the general teenager population, because the women we included had good ANC and received iron supplementation before undergoing blood tests. MacSween et al observed a significantly increased risk of having a cesarean section in Canadian teenage mothers with overweight gain. 19 In line with the study of MacSween et al, the highest prevalence (17.4%) of cephalopelvic disproportion was found in our overweight gain subgroup. These data suggested that the rate of cesarean section increased in women with overweight gain, which was probably because of macrosomia or soft tissue dystocia. Our result was consistent with a previous study conducted in the Middle East, which showed that the rate of cesarean section in teenage pregnancy was 20% and was slightly higher than the 13.4% rate found in adult pregnant women. 20 The cesarean section rate increased in overweight (35%) and obese (39.6%) pregnant mothers. Our data showed that most teenage pregnant women had inappropriate weight gain, especially in overweight and obese pregnant women.
In this study, PIH significantly increased in the overweight gain subgroup. This was similar to the result from a previous study, which found a higher incidence of PIH in the overweight gain group (P,0.05). 21 To our knowledge, this is the first study to evaluate pregnancy outcomes by weight gain among four prepregnancy BMI categories of pregnant Asian teenagers. As this was a retrospective study, some data were unavailable, for example, nutrition, lifestyle, and baseline hematocrit. In addition, our data might not be applicable to other teenaged populations who have poor ANC. Further research is required to confirm our results in different groups of teenage pregnant women with inadequate antenatal visits and unplanned delivery.
In conclusion, the prevalence of inappropriate GWG among teenage women was over 60%. Inappropriate gestational weight gain had a significant impact on pregnancy outcomes.
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